Cucumis sativus used as adsorbent for the removal of dyes from aqueous solution  by Smitha, T. et al.
Arabian Journal of Chemistry (2017) 10, S244–S251King Saud University
Arabian Journal of Chemistry
www.ksu.edu.sa
www.sciencedirect.comORIGINAL ARTICLECucumis sativus used as adsorbent for the removal
of dyes from aqueous solution* Corresponding author. Tel.: +91 04222401661; fax: +91 042226
11146.
E-mail address: ssnilasri@yahoo.co.in (T. Santhi).
Peer review under responsibility of King Saud University.
Production and hosting by Elsevier
http://dx.doi.org/10.1016/j.arabjc.2012.07.030
1878-5352 ª 2012 Production and hosting by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).T. Smitha a, T. Santhi a,*, Ashly Leena Prasad a, S. Manonmani ba Department of Chemistry, Karpagam University, Coimbatore 641 021, India
b Department of Chemistry, PSG College of Arts and Science, Coimbatore 641 014, IndiaReceived 18 August 2011; accepted 23 July 2012
Available online 4 August 2012KEYWORDS
Cucumis sativus;
Adsorption;
Isotherm;
Kinetics;
Eco friendlyAbstract In this article, the agricultural solid waste, Cucumis sativus (RCS) was activated by sulfu-
ric acid (CCS) for removing typical basic dyes, crystal violet (CV) and rhodamine B (RHB) from
aqueous solution. The different parameters like effect of concentration, sorbent dosage, contact time
and pH were studied. Isotherm data showed that the Langmuir isotherm provided the best correla-
tion for the adsorption of CV and RHB onto RCS and CCS. The kinetic experimental data were well
ﬁtted by the pseudo-second-order kinetic model with intraparticle diffusion being one of the rate lim-
iting steps. It can be concluded that C. sativus, the eco friendly adsorbent, is expected to be environ-
mentally and economically feasible for the removal of CV and RHB from aqueous solution.
ª 2012 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
Waste water from dyeing and ﬁnishing operations associated
with the textile industry is highly contaminated in both color
and organic content. Color removal from textile efﬂuents has
been the target of great attention in the last few years, not only
because of its potential toxicity, but also due to visibility prob-
lems (Voundrias et al., 2002). To protect humans and the
receiving ecosystem from contamination, the dyes must be
eliminated from the dye containing wastewaters before beingreleased into the environment. Various physicochemical and
biological techniques have been employed to remove dyes from
waste water. They include membrane ﬁltration, coagulation/
ﬂocculation (Mecay et al., 1984), adsorption (Meshko et al.,
1998), ion-exchange (Wong et al., 2004), advanced oxidation
(Forgacs et al., 2004), and biological treatment (bacterial and
fungal biosorption, biodegradation in aerobic or anaerobic
conditions) (Kaur et al., 1998). The technical and economical
feasibility of each technique is determined by several factors
such as dye type, waste water composition, operation costs
and generated water products. Also the use of one individual
technique is not sufﬁcient to achieve complete discoloration.
Therefore dye removal strategies consist of a combination of
different techniques.
Amongst various techniques, adsorption is superior in sim-
plicity of design, initial cost, ease of operation and insensitivity
to toxic substance. A large number of suitable adsorbents such
as activated carbon, polymeric resins or various low cost
adsorbents (non modiﬁed or modiﬁed cellulose biomass, chi-
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a potential dye adsorbent must be in good agreement with its
dye binding capacity, its regeneration properties, its require-
ments and limitations with respect to environmental condition.
The valorization of agricultural wastes into valuable materials
without generating pollutants is a big challenge and recom-
mended for an industrial sustainable development in order to
preserve the environment (Santhi et al., 2010).
Cucumis sativus is a leading commercial crop and a popular
home garden vegetable. Commercial cucumber production in-
cludes processing types for pickling and fresh market types
for slicing. At one season or another, cucumbers may be grown
in all regions of India. The peel of C. sativus is a segregated
waste product, hence it is available free of cost. The aim of
the paper is to ﬁnd out the more suitability and applicability
of carbon prepared from C. sativus for the uptake of cationic
dyes from simulated waste water (Santhi and Manonmani,
2010, 2011). To evaluate the adsorption potential of C. sativus
leaves for removing dyes from wastewater, crystal violet (CV)
and rhodamine B (RH B) were selected as the model cationic
dyes. Discharge of CV into the hydrosphere can cause environ-
mental degradation, because CV is readily absorbed into the
ﬁsh tissue by water exposure and is reduced metabolically by
ﬁsh to the leuco moiety, leucocrystal violet (LCV). Several
studies by the National Toxicology Program reported the
carcinogenic and mutagenic effects of crystal violet in rodents.
It has also been linked to increased risk of human bladder can-
cer. The leuco form induces renal, hepatic and lung tumor in
mice. In California, rhodamine B is suspected to be carcino-
genic and thus products containing it must contain a warning
on its label.2. Materials and methods
2.1. Materials
The commercial grade CV and RH B, models of the cationic
dye with molecular formula of C25H30ClN3 and C28H31ClN2O3
were used in the present study. Crystal violet (color index No.
42555) with molecular weight 407.99 and kmax 584 nm are
obtained from Thomas baker (chemicals) Ltd., Mumbai,
India and rhodamine B (color index No. 45170) with
molecular weight 479.02 and kmax 554 nm are obtained from
Qualigens ﬁne chemicals Mumbai, India. The molecular
structures are illustrated in Fig. 1. All the chemicals usedFigure 1 Structure of (a) Crystathroughout this study were of analytical-grade reagents and
the adsorption experiments were carried out at room tempera-
ture (27 ± 2 C).
2.2. Adsorbent preparation
The fruit peel ofC. Sativus used for the present study was col-
lected from Palamudhir Nilyam, Coimbatore. The fruit peel
was crushed and dried in an oven and used as a raw adsor-
bent (RCS). The oven dried peel of the adsorbent was treated
with conc. H2SO4 for 12 h and was washed thoroughly with
distilled water till it attained neutral pH and soaked in 2%
NaHCO3, for overnight in order to remove any excess of acid
present. Then the material was washed with distilled water
and dried. The material thus obtained was designated into
activated carbon (CCS). The materials were sieved to get dif-
ferent geometrical sizes such as 75–125, 125–250 and 250–
500 mlm.
2.3. Characterization of prepared adsorbents
Determination of zero point charge (pHzpc) was done to inves-
tigate the surface charge of both chemically and microwave
activated adsorbents at different solution pH.
2.4. Dye uptake experiments
The adsorption experiments were carried out in a batch pro-
cess to evaluate the effect of pH, contact time, adsorbent dose,
adsorption kinetics, adsorption isotherm of CV and RH B
onto RCS and CCS. For each experiment, a series of ﬂasks
were prepared with 50 mL of dye solution (25–200 mg/L,
respectively) and the pH was adjusted from 2 to 8 using a
pH meter (Deluxe pH meter, model-101 E). About 0.2 g of
the sorbent was added, and the ﬂasks were agitated at
160 rpm. The sorbent was removed by centrifugation and the
supernatant was analyzed using a Systronic Spectrophotome-
ter-104 at wavelength of 584 nm.
The amount of dye adsorbed at equilibrium onto carbon, qe
(mg g1) was calculated by the following mass balance
relationship.
qe ¼ ðC0  CeÞV=W ð1Þ
where Co and Ce are the concentrations (mg L
1) of CV at ini-
tial and equilibrium respectively. V is the volume (L) of the
solution and W is the weight (g) of the adsorbent used.l violet dye (b) Rhodamine B.
Table 1 Physico-chemical characteristics of RCS and CCS.
Parameters RCS CCS
Moisture content (%) 18.74 11.62
Ash content (%) 09.83 12.59
pH 06.68 06.51
Decolorizing power (mg g1) 49.00 47.00
Speciﬁc gravity 0.498 1.020
Water soluble matter (%) 05.62 8.072
Conductivity (ls cm1) 0.811 0.922
Zero point charge (pHzpc) 4.601 04.00
Apparent density (gmL1) 0.018 0.781
Matter soluble in water (%) 25.78 10.12
Total acidic group 0.1855 0.192
Figure 2 Effect of solution pH for the removal of CV and RH B
onto RCS and CCS.
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3.1. Characterization of RCS and CCS
Table 1 shows the physico-chemical characteristics of the
adsorbents. The moisture content was 18.74% for RCS
whereas only 11.62 were observed for CCS. Moisture content
not only decreases the adsorption sites but also causes addi-
tional weight (Sajjad et al., 2011). The ash content might pro-
duce defect (dangling carbon) in the elementary structure of
charcoal leading to high adsorption capacity.
3.2. Batch adsorption studies
These studies enabled in determining the optimum operating
conditions and to ﬁnd out the effects of various parameters
(like, the initial dye concentration, the solution pH and the
contact time) on the percentage removal of dyes. The random-
ness is increased during adsorption process, resulting in better
contact between the adsorbate and adsorbent. Consequently,
this led to the enhanced rate of adsorption. The amount of
dye adsorbed (mg/g) increased with increasing agitation time
and reached equilibrium after 90 min for crystal violet and
80 min for rhodamine B for the initial dye concentration
(25–200 mg/L) onto RCS and CCS.
The increase in uptake capacity of the adsorbent with
increasing dye concentration may be due to the increase of sor-
bate quantity. At lower initial dye concentration, sufﬁcient
adsorption sites are available for the adsorption of dye ions.
Conversely, the numbers of dye ions at higher initial concen-
tration are relatively more as compared to the available
adsorption sites. Similar trends are reported by Atmani et al.
(2009) for CV onto almond waste and Ali and Muhammad
(2008) for CV onto Calotropis procera.
The effect of solution pH (range of 2–8) on the amount of
removal at a ﬁxed adsorbent dosage (0.2 g) is shown in Fig. 2
for both dyes under consideration. From Fig. 2, it is evident
that the maximum removal of color is observed at pH 7 for
CV and RH B onto RCS, pH 6 for CV and RH B onto
CCS. The percent removal of dyes increases with an increase
in the pH and reaches the maximum up to 72.27% for CV onto
RCS, 84.98% for CV onto CCS, 81.69% for RH B onto RCS
and 90.26% for RH B onto CCS. This may be attributed to the
hydrophobic nature of the developed carbon which led to ab-
sorb hydrogen ions (H+) onto the surface of the carbon whenimmersed in water and make it positively charged. Low pH va-
lue (1.0–3.0) leads to an increase in H+ ion concentration in
the system and the surface of the activated carbon acquires po-
sitive charge by absorbing H+ ions. On the other hand, an in-
crease in the pH value led to the increase in the number of
negatively charged sites. As the adsorbent surface is negatively
charged at high pH, a signiﬁcantly strong electrostatic attrac-
tion appears between the negatively charged carbon surface
and the cationic dye molecule leading to maximum adsorption
of CV and RH B from waste water.
The lowest adsorption occurred at pH 2.0 and the greatest
adsorption occurred at pH 6.0 and 7.0. Adsorbent surface
would be positively charged up to pH < 4, and heterogeneous
in the pH range 4–5. Thereafter, it should be negatively
charged. Moreover, the increase in the adsorption of dye with
the increasing pH value is also due to the attraction between
cationic dye and excess OH ions in the solution. The adsorp-
tion capacity and rate constant have the tendency to increase
as initial pH of the solution increases. This is due to the pHzpc
of the adsorbents which has an acidic value; this is favorable
for cation adsorption. It is a commonly known fact that the
anions are favorably adsorbed by the adsorbent at lower pH
values due to the presence of H+ ions. At high pH values, cat-
ions are adsorbed due to the negatively charged surface sites of
the adsorbents. The optimum pH value of CV and RH B onto
RCS was pH 7 and CV and RH B onto CCS was pH 6.
3.3. Adsorption
In order to optimize the design of an adsorption system to re-
move the dye, it is important to establish the most appropriate
correlations of the equilibrium data of each system (Altinisik
et al., 2010). Equilibrium isotherm equations are used to
describe the experimental adsorption data. The parameters ob-
tained from the different models provide important informa-
tion on the adsorption mechanisms, surface properties and
afﬁnities of the adsorbent (Bulut et al., 2008). The correlation
Figure 3 Langmuir isotherm plot for the adsorption of CV and
RH B onto RCS and CCS.
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tion was tested with the Langmuir, Freundlich, Dubinin Rad-
ushkevich and Temkin adsorption isotherm equations. Linear
regression is frequently used to determine the best-ﬁtting iso-
therm, and the applicability of isotherm equations is compared
by judging the correlation coefﬁcients.
The Langmuir isotherm theory assumes monolayer cover-
age of adsorbate over a homogeneous adsorbent surface
(Langmuir, 1918). Once a metal molecule occupies a site, no
further adsorption can take place at that site. It is commonly
expressed as follows:
qe ¼ ðQmKaCeÞ=ð1þ KaCeÞ ð2Þ
The Langmuir isotherm Eq. (2) can be linearized into the fol-
lowing form (Kinniburgh, 1986).
Ce=qe1=KaQm þ ð1=Qm  CeÞ ð3ÞTable 2 Isotherm constants for adsorption of CV and RH B onto
Isotherm model CV
RCS CC
Langmuir
Qm (mgg
1) 33.22 35
b (Lmg1) 0.076 0.
R2 0.995 0.
Freundlich
1/n 0.433 0.
Kf (mgg
1) 4.785 9.
R2 0.982 0.
Dubinin-Radushkevich
Qm (mgg
1) 21.67 25
K (·105 mol2 kJ2) 1 · 1006 1
E (kJ mol1) 0.707 2.
R2 0.762 0.
Temkin
a (Lg1) 1.032 60
b (kJ mol1) 6.523 5.
R2 0.989 0.where qe and Ce are deﬁned before in Eq. (1), Qm is a constant,
reﬂecting a complete monolayer (mg g1); Ka is the adsorption
equilibrium constant (L mg1) that is related to the apparent
energy of sorption. A plot of Ce/qe versus Ce (Fig. 3) should
indicate a straight line of slope 1/Qm and an intercept of
1/(KaQm).
The results obtained from the Langmuir model are shown
in Table 2. The sorption capacities of RCS and CCS for the
selected dyes are followed the order: 40.81 mg/g (RH B onto
RCS) > 35.34 mg/g (CV onto CCS) > 34.01 mg/g (RH B
onto CCS) > 33.22 mg/g (CV onto RCS). Sorption capacities
of low cost adsorbents for various dyes are reported by other
researchers and are presented in Table 3, for comparison.
From the values, we conclude that the maximum adsorption
corresponds to a saturated monolayer of adsorbate molecules.
The correlation coefﬁcient (R2 > 0.9880) showed strong posi-
tive evidence on the adsorption which follows the Langmuir
isotherm.
The Freundlich isotherm (Freundlich, 1960) can be applied
to non-ideal adsorption on heterogeneous surfaces as well as
multilayer sorption. The Freundlich isotherm can be derived
assuming a logarithmic decrease in the enthalpy of adsorption
with the increase in the fraction of occupied sites and is com-
monly given by the following non-linear equation:
qe ¼ KFC1=ne ð4Þ
Eq. (4) can be linearized in the logarithmic form (Eq. (5)), and
the Freundlich constants can be determined:
log qe ¼ logKF þ
1
n
logCe ð5Þ
A plot of log qe versus log Ce enables to determine the con-
stants Kf and 1/n. Kf is roughly an indicator of the adsorption
capacity, related to the bond energy, and 1/n is the adsorption
intensity of dyes onto the adsorbent of surface heterogeneity.
The magnitude of the exponent, 1/n, gives an indication of
the favorability of adsorption. A value for 1/n below one indi-
cates a normal Langmuir isotherm, while 1/n above one isRCS and CCS.
RH B
S RCS CCS
.33 40.82 34.01
216 0.057 0.174
989 0.992 0.988
310 0.517 0.303
990 4.085 9.051
966 0.988 0.972
.40 23.26 23.59
· 1007 2 · 1006 8 · 1008
236 0.5 2.5
830 0.748 0.674
.15 0.417 4.295
304 8.302 5.162
981 0.977 0.924
Table 3 Reported maximum adsorption capacities (Qm in
mg g1) in the literature for cationic dye obtained on low-cost
adsorbents.
Adsorbent Qm(mg g
1) References
RH B onto RCS 40.82 This study
CV onto CCS 35.33 This study
RH B onto CCS 34.01 This study
CV onto RCS 33.22 This study
Luﬀa cylindrical 9.920 Temkin and Pyzhey (1940)
Coﬀee ground activated
carbon
23.00 Santhi et al. (2010)
Kolin 5.44 Gupta et al. (2008)
Wheat bran 22.73 Gupta et al. (2007)
Rice bran 14.63 Gupta et al. (2007)
Hen feathers 26.10 Mittal (2006)
Arundo donax root carbon 8.69 Zhang et al. (2008)
Bentonite 7.72 Tahir and Rauf (2006)
S248 T. Smitha et al.indicative of cooperative adsorption (Fytianos et al., 2000). It
is lower than the experimental amounts corresponding to the
adsorption isotherm plateau, which is unacceptable.
The D–R isotherm was also applied to estimate the porosity
apparent free energy and the characteristics of adsorption
(Dubinin, 1960; Radushkevich, 1949). It can be used to de-
scribe adsorption on both homogenous and heterogeneous sur-
faces (Shahwan and Erten, 2004). The D–R equation can be
deﬁned by the following equation.
ln qe ¼ lnQm  Ke2 ð6Þ
where K is a constant related to the adsorption energy, Qm is
the theoretical saturation capacity, and e is the Polanyi poten-
tial, calculated from Eq. (7),
e ¼ RT ln 1þ 1
Ce
 
ð7Þ
where Ce is the equilibrium concentration of dyes (mol L
1), R
is the gas constant (8.314 Jmol1K1), and T is the tempera-
ture (K). By plotting ln qe versus e
2, it is possible to determine
the value of K from the slope and the value of Qm (mgg
1)
from the intercept. The mean free energy E (kJmol1) of sorp-
tion can be estimated by using K values as expressed in the fol-
lowing equation (Hobson, 1969).
E ¼ 1ﬃﬃﬃﬃﬃﬃ
2K
p ð8Þ
The parameters obtained using the above equations are sum-
marized in Table 2. The E value calculated using Eq. (8) indi-
cating that the physical adsorption plays a signiﬁcant role in
the uptake of CV and RH B onto RCS and CCS (Hobson,
1969).
Temkin and Pyzhey (1940) considered the effects of some
indirect adsorbate or adsorbate interactions on adsorption iso-
therms and suggested that because of these interactions the
heat of adsorption of all the molecules in the layer would de-
crease linearly with coverage. The Temkin isotherm has com-
monly been applied in the following form:
qe ¼
RT
b
lnðACeÞ ð9ÞThe Temkin isotherm Eq. (9) can be simpliﬁed to the following
equation,
qe ¼ b ln aþ b lnCe ð10Þ
where
b ¼ ðRTÞ=b ð11Þ
The constant b is related to the heat of adsorption (Pearce
et al., 2003). The adsorption data were analyzed according to
the linear form of Temkin isotherm Eq. (10). The linear iso-
therm constants and coefﬁcients of determination are pre-
sented in Table 2. The correlation coefﬁcients R2 obtained
from Temkin model were comparable to that obtained for
Langmuir and Freundlich and D–R equations, which explain
the applicability of Temkin model to the adsorption of CV
and RH B onto RCS and CCS.
It can be seen that the Langmuir isotherm ﬁts the data bet-
ter than Freundlich, D–R, and Temkin isotherms. The fact
that it may be due to the predominantly homogeneous distri-
bution of active sites on the activated carbons surfaces; since
the Langmuir equation assumes that the adsorbent surface is
energetically homogeneous. This is also conﬁrmed by the high
value of R2 in case of Langmuir. The maximum sorption
capacity (Qm) of the adsorption of CV and RH B onto RCS
and CCS was compared with those reported in the literature
(Table 3).
3.4. Adsorption kinetics
The study of adsorption kinetics describes the solute uptake
rate and evidently this rate controls the residence time of the
adsorbate at the solid solution interface. The rate of sorption
can be computed from the kinetic study. In order to investigate
the mechanism of sorption and potential rate controlling steps,
several models have been developed. Thus, the kinetics were
analyzed using pseudo-ﬁrst-order (Lagergren, 1898), pseudo-
second-order (Ho et al., 2000), Elovich (Chien and Clayton,
1980; Zeldowitsch, 1934) and intraparticle diffusion (Weber
and Morris, 1963) kinetic models. The conformity between
experimental data and the model-predicted values was ex-
pressed by the correlation coefﬁcients (R2, values close or
equal to 1).
The pseudo ﬁrst-order equation of Lagergren is generally
expressed as follows:
dqt
dt
¼ K1ðqe  qtÞ ð12Þ
where qe and qt are the adsorption capacity at equilibrium and
at time t, respectively (mgg1), K1 is the rate constant of pseu-
do-ﬁrst-order adsorption (Lmin1). Integrating Eq. (12) for
the boundary conditions t= 0  t and qt= 0  qt gives
log
qe
qe  qt
 
¼ K1
2:303
t ð13Þ
Eq. (13) can be rearranged to obtain the following linear form:
logðqe  qtÞ ¼ logðqeÞ 
K1
2:303
t ð14Þ
The values of qe and K1 for the pseudo-ﬁrst-order kinetic model
were determined from the intercepts and the slopes of the plots
of log (qe  qt) versus time. The K1 values, R2 values and qe val-
ues (experimental and calculated) are summarized in Table 4.
Table 4 First-and second-order kinetic parameters for the adsorption of CV and RHB onto RCS and CCS at different initial
concentration.
System Co qe (exp) Pseudo-ﬁrst-order Pseudo-second-order
(mg/L) (mg/g) K1 (min) qe(cal) mg/g R
2 K2 (g/
mg min)
qe(cal) mg/g R
2
CV onto
RCS
50 11.83 0.058 3.375 0.958 0.04 12.077 0.9999
100 19.76 0.054 7.356 0.886 0.016 20.325 0.9995
150 26.78 0.032 4.876 0.585 0.016 27.027 0.9989
200 30.36 0.052 8.180 0.696 0.015 30.864 0.9994
CV onto
CCS
50 11.87 0.036 4.175 0.518 0.019 12.091 0.9956
100 20.37 0.023 2.017 0.866 0.024 20.491 0.9995
150 27.91 0.026 1.236 0.883 0.054 28.011 0.9999
200 33.11 0.023 1.171 0.929 0.053 33.222 1.0000
RH B onto
RCS
50 10.86 0.065 3.417 0.943 0.035 11.173 0.9993
100 21.68 0.064 5.215 0.914 0.031 21.978 0.9998
150 27.65 0.066 6.884 0.922 0.023 28.089 0.9998
200 32.88 0.055 4.655 0.931 0.028 33.222 0.9999
RH B onto
CCS
50 12.62 0.066 6.889 0.928 0.024 13.037 0.9977
100 22.83 0.065 16.77 0.656 0.010 23.529 0.9970
150 29.88 0.044 7.629 0.674 0.013 30.303 0.9986
200 35.29 0.058 5.833 0.800 0.026 35.587 0.9999
Figure 4 Pseudo second-order kinetics at different initial concentrations for (a) CV onto RCS and CCS (b) RH B onto RCS and CCS.
Cucumis sativus used as adsorbent for the removal of dyes from aqueous solution S249The pseudo-second order equation is generally given as
follows:
dqt
dt
¼ K2ðqe  qtÞ2 ð15Þ
where K2 (g(mgmin)
1) is the second-order rate constant of
adsorption. Integrating Eq. (15) for the boundary conditions
qt= 0  qt at t= 0  t is simpliﬁed as can be rearranged
and linearized to obtain:
t
qt
¼ 1
K2q2e
þ 1
qe
ðtÞ ð16Þ
The second-order rate constants were used to calculate the ini-
tial sorption rate, given by the following equation:
h ¼ K2q2e ð17Þ
The plot of t/qt versus time is a straight line as shown in Fig. 4.
The K2 and qe values determined from the slopes and inter-cepts of the plot are presented in Table 4 along with the corre-
sponding correlation coefﬁcient.
The Elovich equation is another rate equation based on the
adsorption capacity generally expressed as follows.
dqt
dt
BE expðAEqtÞ ð18Þ
where BE is the initial adsorption rate (mg(gmin)
1) and AE is
the desorption constant (gmg1) during any experiment.
It is simpliﬁed by assuming AEBEt t and by applying the
boundary conditions qt= 0 at t= 0 and qt= qt at t= t Eq.
(18) becomes:
qt ¼
1
AE
lnðBEAEÞ þ 1
AE
lnðtÞ ð19Þ
A plot of qt versus ln(t) should yield a linear relationship with a
slope of (1/AE) and an intercept of (1/AE) ln (AEBE). Thus, the
constants can be obtained from the slope and the intercept of
the straight line is mentioned in Table 5.
Table 5 Parameters of the Elovich and intra particle diffusion model for the adsorption of CV and RH B onto RCS and CCS.
System Co Elovich model Intraparticle diﬀusion Model
(mg/L) AE BE R
2 Kdif C R
2
CV onto RCS 50 1.642 1.9 · 106 0.969 0.193 10.08 0.9136
100 0.814 1.2 · 105 0.961 0.399 16.03 0.9522
150 1.028 5.7 · 109 0.853 0.332 23.23 0.9298
200 0.978 6.6 · 1010 0.845 0.350 26.85 0.9282
CV onto CCS 50 1.524 2.6 · 105 0.740 0.230 9.326 0.8557
100 1.895 1.8 · 1014 0.821 0.183 18.38 0.9277
150 2.996 5.1 · 1033 0.934 0.111 26.75 0.982
200 2.982 1.7 · 1040 0.925 0.113 31.91 0.985
RH B onto
RCS
50 1.490 8.8 · 104 0.812 0.216 8.931 0.7879
100 1.536 2.1 · 1012 0.907 0.215 19.67 0.9342
150 1.116 2.4 · 1011 0.859 0.298 24.89 0.8886
200 1.325 6.7336 0.922 0.249 30.55 0.9406
RH B Onto
CCS
50 1.094 1.1 · 104 0.987 0.293 9.948 0.9496
100 0.717 1.2 · 1011 0.771 0.460 18.13 0.8783
150 0.898 3.5 · 109 0.796 0.383 25.89 0.8832
200 1.392 1.4764 0.912 0.241 32.96 0.9630
Figure 5 Intra particle diffusion plot at different initial dye concentrations for CV and RH B onto RCS and CCS.
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dye molecule inside the adsorbent is the rate-limiting step, then
adsorption data can be presented by the following equation:
qt ¼ Kdift1=2 þ C ð20Þ
where C (mgg1) is the intercept and Kdif (mgg
1min1/2) is
the intraparticle diffusion rate constant. The values of qt were
found to be linearly correlated with values of t1/2 and the rate
constant Kdif directly evaluated from the slope of the regres-
sion line (Table 5).
The ﬁtted linear regression plots showed that the experi-
mental data had its best ﬁt with the pseudo-second-order mod-
el for all four investigated concentrations with higher
determination coefﬁcients (R2 > 0.995) than those of the pseu-
do-ﬁrst-order model and Elovich model. Therefore, it is found
that the rate of CV and RH B adsorption onto RCS and CCS
is of pseudo-second-order, suggesting that the adsorption ofdye onto adsorbents is inﬂuenced by both the dye and the
adsorbent concentrations under the investigated conditions
(Abramian and El-Rassy, 2009). The ﬁtted linear regression
plots of pseudo-second-order model are shown in Fig. 5. In
addition, the experimental adsorption capacity (qe (exp)) values
were very close to the model-calculated adsorption capacity
(qe (cal)) data (Table 4), verifying the high correlation of
adsorption to the pseudo-second-order model.
Intraparticle diffusion was analyzed using Eq. (20). The
plots of intraparticle diffusion of CV and RHB onto RCS
and CCS at the initial concentrations of 50, 100, 150,
200 mg/L are illustrated in Fig. 5. Referring to Fig. 5, the lin-
earity of the plots demonstrated that intraparticle diffusion
played a signiﬁcant role in the uptake of CV and RH B. How-
ever, there is no sufﬁcient indication about it. The author Ho
(Ho, 2003) has shown that if the intraparticle diffusion is the
sole rate-limiting step, it is essential for the qt versus t1/2 plots
Cucumis sativus used as adsorbent for the removal of dyes from aqueous solution S251to pass through the origin, which is not the case in Fig. 5, it
may be concluded that boundary layer diffusion and intrapar-
ticle diffusion were concurrently operating during the adsor-
bate and adsorbent interactions.
4. Conclusion
The results revealed the potential of C. sativus an agricultural
solid waste, to be a low-cost adsorbent for removing CV and
RH B from aqueous solutions. The adsorption was dependent
on the initial pH, contact time and dye concentration. Equilib-
rium data agreed well with Langmuir isotherm model and the
kinetic modeling study has shown that the experimental data
were found to follow the pseudo-second-order model suggest-
ing a chemisorption process. The result of the intra particle dif-
fusion model suggested that intra particle diffusion was not the
only rate controlling step. This study proved that the eco
friendly adsorbents RCS and CCS showed a better perfor-
mance and the raw material C. sativus is easily available in
large quantity and its treatment method is very economical.
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